. They identify various phases including the planning phase, the implementation phase, the operational phase and the closure or decommissioning phase. Each of these phases has sub-phases. Also see Nel and Du Plessis 2004 SAPL 181-190. 27 In this regard, see Centre for Environmental Rights 2012 http://cer.org.za/news/positionstatement-on-protection-of-environmental-rights-in-decisions-around-fracking-for-shale-gas; De Wit 2011 SAJS 1-9; Van Wyk 2014 Stell LR 34-54; Glazewski and Plit 2015 Stell LR 190-219 . Also see the recent study of the United States Environmental Protection Agency 2015 http://www2.epa.gov/hfstudy/hydraulic-fracturing-study-draft-assessment-2015. 28 In this regard, see Centre for Environmental Rights 2015 http://cer.org.za/news/as-newenvironmental-laws-for-mines-start-coming-into-effect-confusion-reigns. 29 There are also other national, provincial and local authorities involved in the issuing of other authorisations, but they will not be discussed in this note. Management: Waste Act 59 of 2008 (NEMWA), while the Department of Environmental Affairs also has responsibilities in terms of the NEMA, the NEMWA and the National Environmental Management: Air Quality Act 39 of 2004 (NEMAQA). The Department of Water and Sanitation has jurisdiction over the National Water Act 36 of 1998. The seeming overlap between the jurisdictions of the different departments has a long history.
In 2008 the MPRDA and the NEMA were amended. All the sections dealing with environmental issues in the MPRDA were repealed and reinserted in a slightly amended format into the NEMA. The idea was that the Minister responsible for mineral resources would make all decisions with regard to mineral and petroleum issues, while the Minister responsible for environmental affairs would make decisions on all environment-related issues. The amendments of the NEMA would come into effect only once the Mineral and Petroleum Resources Development Amendment Act 49 of 2008 (MPRDAA) had come into effect. The NEMA amendments came into effect on 8
December 2014. The procedure to apply for water use licences would also have to be aligned. 30 The National Environmental Laws Amendment Act 25 of 2014 (NEMLA), amongst other things, transferred all decision-making with regard to mining-related environmental matters to the Minister of Mineral Resources (excluding water and air quality), 31 introduced a mineral resource inspectorate, 32 provided for an appeal to the Minister of Environmental Affairs on any environmental decision taken by the Minister of Mineral Resources, 33 and transferred all decision-making with regard to residuestockpiles and residue deposits (to be regulated in terms of the NEMWA 34 ) to the Minister of Mineral Resources. 35 The NEMLA also influenced the date of the coming into force of the "one environmental management system", ie 8 December 2014. 36 30 Section 163A National Water Amendment Act 27 of 2014. 31 Section 24C(2A) of NEMA. 32 Section 31BB of NEMA. 33 Section 43 of NEMA. 34 In this regard see Hartzer and Du Plessis 2014 SAPL 469-493 . Also see GN R632 in GG 39020 of 24 July 2015. 35 Sections 1, 43(1A), 43A, 69(1)(iA) of NEMWA. 36 Section 28 of NEMLA.
The position at present is therefore that the Minister of Mineral Resources is the decision-maker with regard to all environment-related matters pertaining to gas regulation. The Minister of Environmental Affairs is the appeal authority. All applications for hydraulic gas exploration and production are to be approved by the Minister of Mineral Resources, 37 but the applications for environmental authorisations will have to be completed in terms of the NEMA 38 and its regulations. 39 An environmental management programme report (EMPr) will have to be completed in terms of section 24N of the NEMA as well as the EIA regulations. 40 Financial provision for closure has to be provided in terms of section 24P of the NEMA. 41 The Mineral and Petroleum Resources Development Bill of 2015 alluded to above provides, amongst other things, for a 20% free carried interest in favour of the state in the case of the performance of any gas or petroleum exploration activities.
As stated above, before the issuing of GN R466 the South African legislative framework did not formally provide for the regulation of onshore gas exploration and production (such as hydraulic fracturing) other than by way of the granting of exploration and production rights in terms of the MPRDA. The then Ministers of Environmental Affairs and Water Affairs reacted in different ways when confronted by the possible introduction of hydraulic fracturing. When the Department of Mineral Resources commenced with the issuing of exploration rights to various companies, the then Minister of Water and Environmental Affairs reacted first by issuing a notice that she was going to declare "the exploration for and or the production of onshore unconventional oil or gas resources (and any activities incidental thereto) including but not limited to hydraulic fracturing" as a controlled activity in terms of the National Water Act 36 of 1998. 42 Such a declaration implies that the activity may not be 37 Sections 79 and 83 of MPRDA. 38 Section 24 of NEMA. 39 Items 18, 20 and 22 of GN R984, read with GN R982 in GG 38282 of 4 December 2014 (hereinafter referred to as GN R982 and GN R984). 40 GN R982; read with GN R527 in GG 26275 of 22 April 2004 issued in terms of the MPRDA (hereinafter referred to as GN R527) (previously an exploration work programme and a production work programme had to be compiled). 41 The regulations with regard to the financial provision in terms of NEMA are still draft regulations (GN 940 in GG 38145 of 31 October 2014); GN R527 of the MPRDA will have to be used in the meantime. undertaken or may not commence unless authorised in terms of the National Water Act. 43 In her 2015 budget speech in Parliament the then Minister of Water and Sanitation indicated that she would formally gazette a notice declaring hydraulic fracturing as a controlled activity in the next budget year. 44 On 16 October 2015 she declared "the exploration and/or production of onshore naturally occurring hydrocarbons that require stimulation, including but not limited to hydraulic fracturing and/or underground gasification, to extract, and any activity incidental thereto that may impact detrimentally on the water resource as a controlled activity" in terms of the National Water Act, 45 with the consequences as set out above.
On 14 March 2014 the Minister of Environmental Affairs declared her intention to declare greenhouse gases (including methane gas, which may be released during hydraulic fracturing operations) as priority air pollutants in terms of the NEMAQA. 46 Once a greenhouse gas is declared a priority pollutant, persons with activities falling in specified categories must prepare pollution prevention plans. 47 In June 2015 she also issued draft reporting regulations for greenhouse gas emissions inter alia from gas exploration and production activities. 48 The regulations remain draft regulations and by the time of writing of this note, they have not been finalised.
As indicated above, the Minister of Mineral Resources had in 2013 published for comment draft regulations for the onshore and offshore exploration and production of natural gas, coal-bed methane and shale gas. The regulations provide, amongst other things, for environmental impact assessments determining the impact of the activities on natural resources and sensitive areas during the full life-cycle of the operations.
The holder was responsible for indicating the fluids that were going to be used as well as their hazardous or non-hazardous specifications. The risks of these fluids to the environment and water resources had to be indicated as well as the mitigation 43 Section 37 National Water Act 36 of 1998. measures that had to be undertaken should pollution occur. The holder of the right had further to assess the geology and geohydrology of the affected area as well as the risk of seismicity and indicate that all radio and optical astronomy advantage areas would be protected. Water resources assessments and studies had to be undertaken.
Specific measures were prescribed for the construction, production and closure phases. All of these measures were aimed at reducing or limiting the pollution that might emanate during the life-cycle of the project. GN R466 contains similar provisions, leading to criticism from activists that the regulations are a mere reproduction of regulations from the United States 49 and that there had not been enough public consultation. 50
GN R466: A life-cycle approach
The project life of hydraulic fracturing as set out in GN R466 appears to be analysable into the following phases: the pre-commencement phase, the design and authorisation phase, site preparation, testing, the operational phase, and the decommissioning and closure phase. The regulations will be discussed according to these phases. Although GN R466 distinguishes some of these phases, the specific regulations pertaining to these phases have not necessarily been described under that specific phase. The reader of GN R466 therefore still has to determine which regulation or sub-regulation will apply to a specific phase or phases within the project life cycle. 
Pre-commencement phase
The pre-commencement phase can also be described as the planning phase. 51 GN R466 prescribes several measures that an applicant needs to comply with before any exploration can take place. 52 It is clearly stated that an applicant must obtain an environmental authorisation in terms of section 24 of the NEMA before any exploration or production right may be issued. 53 In addition to the NEMA EIA Regulations, 54 GN R466 prescribes additional assessments that have to be undertaken as part of the EIA process. These assessments include an assessment of the geology and geohydrology of the area, a hydrocensus of the "potentially affected water resources within a 3 kilometres radius from the furthest point of potential horizontal drilling," and an assessment of potential seismicity. 55
The geology and geohydrology study have to include a map of the area that is of such a scale that it allows one to understand the potential structural aspects of the area.
This must include the physical and chemical properties of the stratigraphic formations and their composition. 56 The study should also include an analysis of published and unpublished map sheets as well as published and unpublished papers on the subject.
The applicant must conduct stratigraphic exploration boreholes to determine the 51 Nel and Kotzé "Environmental Management" 15 distinguish the identification of a project, exploration and the decision to proceed as part of the planning phase. As illustrated by them, several plans may have to be drafted during this phase. The applicant will also have to ensure that his design of the project and technology complies with the prescribed measures -the project could have a conceptual design and later a detailed design that may need to be revised if necessary. It may also be necessary at this stage to comply with tender specifications, to obtain goods from contractors, and to conclude specific contracts with contractors. In this phase the applicant must ensure that he or she and the contractors comply or will comply with all the prescribed legal measures. 52 Reg 86(1) GN R466. These measures will have to be undertaken in addition to the measures prescribed in GN R982, ie a scoping report and an EIA that have to be prepared (read with item 18 GN R984) and any other measures prescribed in the NEMA, the MPRDA or any of the specific environmental management acts. 53 Regs 86(2) and 110(1) GN R466. Reg 110(1) states that no drilling may commence without all the NEMA and specific environmental authorisations. Also see ss 79(4) and 83(4) of the MPRDA. In terms of the MPRDA the applicant has to submit the environmental reports -it is not a condition that the environmental authorisation needs to be obtained prior to the submission of the application.
54
The applicant must comply with the minimum requirements set in GN R982 -reg 86(3) GN R466. The Council of Geosciences and the Council for Scientific Research are specifically indicated as interested and affected parties -reg 86(4) GN R466.
55
Regs 87-89 GN R466. 56 Reg 87(2)(e)-(f). The hydrocensus must be conducted by an independent specialist. The specialist must conduct a study of the affected water resources within a 3 kilometre radius of the furthest point of potential horizontal drilling. The study must also indicate priority water resources and domestic groundwater supplies on geohydrological maps. 59 A baseline water quality assessment must be undertaken to determine the water quality before any hydraulic fracturing is undertaken. 60 The applicant must also indicate how it will conduct groundwater monitoring and deep groundwater investigations after the preliminary research has been undertaken. 61 An accredited laboratory must analyse the samples and the results must be sent to the designated agency and the Department of Water Affairs within seven days after receipt of the results. 62
In addition to these reports, the applicant must submit information with regard to the fluids that he or she is going to use. 63 The applicant must as far as possible and "to the extent it is technically feasible, maximise the use of environmentally friendly additives and minimise the amount and number of additives". 64 The report must indicate which fluids are hazardous or non-hazardous and must include their material safety data sheets. The applicant must indicate "the volumes of fluids, proppants, base carrier fluids and each chemical additive" that are going to be used in the process.
The trade name and the purpose of each chemical during the process must be 57 Reg 87(2)(a)-(c). The borehole analysis must include information on "core logging, downhole geophysics, camera, water strikes, hydrogeochemical character and injection tests or formations" -reg 87(2)(d).
Regs 96(1)-(3, (5). If other standards are used, the holder must submit detailed information with regard to the standards, indicating how these standards will ensure better well integrity. An independent drilling engineer must submit a comparative technical assessment of the proposed standard and the prescribed standard -regs 96(6)-(7). In the case of stratigraphic wells the well design and construction standards must be submitted; written approval must be obtained -reg 96(8). A "stratigraphic well" means a "well or hole drilled only for the purpose of obtaining information pertaining to specific geological, structural and stratigraphic information that might lead towards the discovery of petroleum with no intent to produce from such well" -reg 1. See eg regs 98, 100, 102(2)-(16). During the cementing process tests must be undertaken to ensure, amongst other things, that the cement mixture is the correct strength and that distilled water or potable tap water is used during the testing, to ensure that there is complete isolation from water resources. The holder must "run a radial cement bond evaluation log and monitor the annular pressure to verify the cement bond on all casing strings" and if necessary effect remedial measures if the cement is not adequate for the drilling process. The holder must report the changes and record them in a log book -regs 102 (15) Reg 118 (6). 141 Regs 114(4)-(6). 142 Regs 116(1) and 118(10). The holder must provide certain information regarding the flowback and fluids within 7 days after it becomes available -reg 116(2). "Tank maintenance records, tank cleaning records and off-take waste disposal records" must be included in a quarterly report to be submitted to the designated agency and EMPr -reg 118(12). 143 Regs 117(1)(a-(e) and (3)d. For example, natural gas must be removed from fluids before they can be transported, and the fluids must be transported in terms of the relevant legislation and standards.
The holder must ensure that there are arrangements in place for emergencies and inform the designated agency and relevant government departments of these plans. 158
Spillages of hydraulic fracturing fluids or flowbacks in excess of 50 litres must be cleaned up immediately and reported to the designated agency within 24 hours. If the spillage threatens or may harm a water resource, the holder must act in terms of section 19 of the National Water Act 36 of 1998 and sections 28 and 30 of the NEMA.
The employees must be trained how to react in emergency situations and how to implement clean-up and mitigation operations. 159 They must also be trained to use the equipment, to understand and apply the procedures set out in the plans, and to handle the hydraulic fracturing additives. 160
If a well is to be suspended during operations, the holder must obtain permission from the designated agency. The well may be suspended for a specific period only. The well must be monitored and risk assessments must be undertaken if any anomaly occurs. The well must be suspended in such a manner that it can be reused and that GN R466 also makes provision for the control of fugitive emissions, dust control and noise control. 161 The holder must as far as possible capture any emissions or natural gas that may escape as a result of the hydraulic fracturing. This may be done for example by way of storage vessels, routing the gas into a gas line or to a generator, or employing sand traps and surge vessels. The holder may only in exceptional circumstances make use of flaring, and then only if it will not create a fire hazard or result in an explosion. 162 The holder must comply with the dust control measures set in the NEMAQA and its regulations, which measures deal mostly with the managing of trucks which may cause dust. 163 It is specifically stated that the holder must comply with the local government bylaws on noise pollution. 164
Resources will still be the decision-maker with regard to all aspects relating to hydraulic fracturing, while the Minister of Environmental Affairs will be only the appeal authority. Whether that will prove sufficient to ensure environmental protection remains to be seen. Where the draft regulations made no reference to other environmental legislation, the final regulations do refer to other environmental legislation and link the regulations to the NEMA and specific environmental management acts. The holder of the right will, for example, still have to comply with the conditions in the EMPr and the exploration and production right and any transgression thereof will lead to criminal liability in terms of the NEMA and the MPRDA.
The regulations do not make any mention of socio-economic issues such as job creation and food security. They do not provide for public participation. One has to assume that these matters will be dealt with during the EIA process. Again it is to be remembered that the EIA process and the approval of the environmental authorisation will be under the control of the Department of Mineral Resources, who may apply criteria different from those that the Department of Environmental Affairs would. The application guidelines and forms on the website of the Petroleum Agency of South Africa (the designated authority) have also not been updated to reflect the new position yet. 181
The regulations specifically exclude certain substances that may not be used as additives to fracturing fluids. However, GN R466 allows that the holder may apply to the designated agency to add additional additives where it is not technically feasible to make use of some of the existing fluids. Although the use of these fluids must be reported to the designated agency, there is no obligation to make these reports available to the public. The only way in which the public would be able to obtain these records would be to make use of the Promotion of Access to Information Act 2 of 2000. If the United States' history is to be applied, 182 the holder could claim that this 181 Petroleum Agency of South Africa 2013 http://www.petroleumagencysa.com/index.php /regulations/application-process1. 182 Also see the Emergency Planning and Community Right-To-Know Act 42 USC § 11023 (2006) where this type of data must be provided to the Environmental Protection Agency or the relevant state where the hydraulic fracturing takes place. Also see Rahm 2011 Energy Policy 2974-2981; was confidential commercial information as a ground for refusal, and this might lead to protracted court proceedings -something that the interested and affected parties in the areas where hydraulic fracturing will take place would not be able to afford.
The regulations state that the API standards must be used for certain technology and cementing, amongst other things. The question is whether the API standards are best practice and whether other countries have developed better practices. 183
The practical application of the regulations still has to be tested in practice. For example, GN R466 refers to a watercourse and indicates that hydraulic fracturing may not take place within a certain distance of a watercourse or wetland. The definitions of "watercourse" and "wetland" are quite wide, and a wide interpretation of these definitions by the Department of Water and Sanitation may in fact ensure that no hydraulic fracturing could take place anywhere in South Africa. It is clearly stated that the Department of Mineral Resources will not be able to issue an exploration right or production right without a water licence being issued. The MPRDA does not refer to the fact that water use licences need to be obtained. However, if the 2013 Bill is passed in Parliament, then the applicant for an exploration right and production right will have to indicate only that he or she had applied for a water use licence. 184 The regulations will then be in conflict with the eventual Act. The studies relating to water conducted in terms of GN R466 will be assessed by the designated agency and not by the Department of Water and Sanitation. The interplay between these studies and the studies to be undertaken for a water use permit still have to be aligned and the practicial implications thereof worked out in future. 185 The monitoring of seismic activity is fixed at a three-month period and the monitoring of water pollution and quality at a five-year period. addresses the full project life cycle of the hydraulic fracturing process. The draft regulations, however, seem to make the distinction between the different phases a bit clearer than the final regulations. One has to read between the lines and combine measures from different regulations to come to this conclusion.
The regulations seem to address both technical and environmental, safety and health aspects. Whenever an activity commences, an official from the designated agency must be present to ensure that the correct procedures are followed. Whether this will be feasible and whether the officials will always be available to ensure that an activity could commence is another question. The question as to who would have to pay for the travel expenses of officials has also not been addressed. for astronomical issues, most probably due to the possible location of the hydraulic fracturing sites near to sites where astronomy may occur.
It may be that these regulations may still be amended once hydraulic fracturing is in place and has been monitored for a while. Whether these regulations will provide enough protection to the safety and health of people and the environment during the entire project life-cycle of hydraulic fracturing operations remains to be seen. 
